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1. 提出离子液体缓冲剂（ionic-liquid buffer）概念 
用中和法成功合成了具有缓冲能力的离子液体 [BMIM][HP]、 [OMIM][HP]和




2. 非水相催化的 pH 效应 
利用离子液体缓冲剂来调控体系的 pH 值，研究了非水介质中催化反应的 pH 效应。 
在 DMF 和离子液体[BMIM][BF4]中，离子液体缓冲剂[BMIM][HP]可以调控介质的 pH

























极性离子液体[C2OHMIM][BF4]可溶解脂肪酶 CALB，在 EDTA 基离子液体缓冲剂
存在下，CALB 对酯交换反应表现出较高的活性，实现了离子液体中脂肪酶 CALB 的循
环使用。 
4. DENs 的毛细管电泳表征 
首次使用 CE 表征了树状分子封装 Pd 纳米催化剂，由 CE 结果可推断 Pd 纳米粒子
被封装在树状分子的内部腔体中。CE 表征还解释了 HRTEM 测出的 Pd 纳米粒子的粒径
大于计算值的原因：Pd 并不是平均分配给树状分子，有一部分树状分子未与 Pd 形成配
合物。 
5. 酶催化介电观点 
酶溶解在醇类溶剂、DMSO 和 DMF 中会失活，是由于其氨基酸残基的电离受到介
质的影响。在水中，酶催化三元体中羧基电离产生溶剂化的自由羧酸根离子，这是酶的




























Non-aqueous solvents include organic solvents and ionic liquids (ILs). Great quantities 
of products have been made with the aid of conventional organic solvents, which are volatile 
resulting in environment pollution. It is a solvent revolution for the arrival of ILs, which is 
composed of organic cation and inorganic or inorganic anion. ILs have so limited vapor 
pressure that they are called ‘green solvent’ with no emission to the air. The cation and anion 
can be modified to have specific chemical and physical properties and the resulting ILs are 
called ‘task-specific ionic liquids’, which are of significance in many fields recently. 
The objectives of this dissertation are synthesis of ionic-liquid buffers and their 
application to the non-aqueous catalysis to shed light on the pH effect of metal complex 
catalysts and biocatalysts. The main results are as follows, 
1. Ionic-liquid buffer 
[BMIM][HP], [OMIM][HP] and [BMIM][HT] with buffer characteristic were 
successfully synthesized by neutralization method. The composition of the ionic-liquid 
buffers characterized by NMR and ESI-MS is consistent with the formula. Ionic-liquid 
buffers are miscible with polar organic solvent and common ionic liquids and have high 
buffer capacity, low dilution value, and high thermal stability. [BMIM][HP], [OMIM][HP] 
and [BMIM][HT] are potential primary buffer standards for non-aqueous solution. 
2. pH control in non-aqueous catalysis 
Ionic-liquid buffers were used to control pH of non-aqueous media and the effect of pH 
on catalytic activity was investigated in homogenous and biphasic system. 
In DMF and ionic liquid [BMIM][BF4], ionic-liquid buffer [BMIM][HP] can control the 
pH of the media and a strong pH effect was observed on hydrogenation of olefin catalyzed by 
[RuCl2(PPh3)3]. NMR characterization showed that [RuHCl(PPh3)3] is the active catalytic 
species for hydrogenation of olefin in non-aqueous media, and that [RuHCl(PPh3)3] is the 
predominant active catalytic species in acidic conditions while [RuHCl(PPh3)3 can not be 
detected in basic conditions. 
In enzyme-benign organic solvents and enzyme-benign ionic liquids, EDTA-based 















Candida Antarctica Lipase B (CALB) showed obvious pH dependence. 
3. Solvation stabilization and electrostatic stabilization of macromolecular catalysts in 
IL 
More polar ionic liquid [C2OHMIM][BF4] was used to dissolve negatively charged 
dendrimers, which are templates as dendrimer-encapsulated palladium nanoparticles 
(Pd-DENs) catalyst. [C2OHMIM][BF4] showed strong power to solvate the Pd-DENs 
resulting in solvation stabilization. And the charges on the periphery of dendrimers have 
strong repulse forces to resist the aggregation of Pd-DENs. It is the electrostatic stabilization 
together with solvation stabilization that makes Pd-DENs long-life recycling. 
Ionic liquid [C2OHMIM][BF4] can dissolve CALB. CALB showed high activity of 
transesterification in dissolved form in buffered IL and maintained its efficiency during 
recycling. 
4. Characterization of DENs by CE 
Capillary electrophoresis (CE) was used for the first time to characterize Pd-DENs. CE 
data showed that Pd nanoparticles resided in the internal of dendrimers, and that Pd did not 
averagely distribute into every dendrimers, which is the main cause for the phenomena of 
observed particle size (HRTEM) bigger than expected. 
5. Enzymatic catalysis on dielectric constant of media 
Enzyme deactivates in solvents like alcohol, DMSO, and DMF, which is because of the 
impact of the media on the ionization of amino acid residues. In water, the carboxyl groups of 
the catalytic triads can ionize into solvated carboxylate, which is one of the active sites of the 
enzyme. In solvents like alcohol, DMSO, and DMF, however, the carboxyl groups ionize into 
solvated carboxylate and ion pairs. Formation of ion pairs would lead to lower enzymatic 
activity or complete deactivation. 
The enzyme molecules are charged and most of the negative charges distribute on the 
periphery of the enzyme molecules. In aqueous solution, the repulsive force from the 
like-sign charges equals to the attractive force of van der Waal among the molecules, 
maintaining the active configuration of the enzyme. If the enzyme is dissolved in media 
which dielectric constant is greater than water, the repulsive force from like-sign charges 
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